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Abstract 
The urbanization process continues to accelerate over the past decades, bringing great wealth to mankind, but 
also brought a lot of environmental problems such as the air pollution, water pollution and the solid waste pollution. 
These pollutants are to a certain extent cause some influences on the development of the cities. For example, the 
“cancer villages” has become a hot topic these years and has aroused extensive attention among scholars. This study 
aims to understand the relationship between the “cancer villages” and the “large cities” around them. The ecological 
network analysis is used to analyze the relationship between cancer villages and the adjacent large cities. The 
network utility analysis is used to analyze the intensity and patterns of the relationships between “cancer villages” 
and the large cities, and a mutual index M is established to reflect the degree of mutualism between the “cancer 
villages” and the large cities. The results show that “cancer villages” both affect and are affected by cities through 
indirect feedback relationships. Moreover, the composition between the “cancer villages” and the adjacent cities is a 
highly competitive urban metabolic network. Considering these indirect connections, not all of the “cancer villages” 
are able to reduce their pollution by transferring it to another city or county because it can return through indirect 
pathways. The best approach would be to lower the pollution generation in the first place in order to prevent its 
impacts, as well as to at least partially mitigate them through more effective medical care. 
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Introduction 
In recent years, the urbanization has caused serious disturbance and destruction of the ecological 
environment of the river basin [1]. In accordance with the tumor death review survey published in the 
1970s [2], there is a low frequency of tumor mortality upstream of Huaihe River, e.g., gastrointestinal 
tumors and lung cancer mortality rates are below the national average. The importance of this research is 
to understand and ameliorate the phenomenon of the high incidences of cancer around the areas of the 
Huaihe River Basin in China. 
During a study by Wang et al. on the “cancer villages” in the Shaanxi Province, the authors used the 
geochemical element analysis to analyze seven types of samples (water, flour, beans, potatoes, 
persimmons, soils and rocks) and the result showed that Arsenic, Lead and Cadmium are the mean factors 
causing the “cancer villages” [3]. Lin studied the relationship between the groundwater pollution and the 
high incidence of cancer in Dongshan County and pointed out that the total amount of coliform and 
bacterium of the groundwater in this county are 100%, 41.2%, respectively and made the conclusion that 
the pollution of groundwater has a certain degree of relationship with the high incidence of cancer [4]. 
Most previous researches on “cancer villages” are based on the gravity model, which is used to analyze 
the spatial relationship among two cities, but neglect the indirect relationships among the system. 
However, this paper will exploit the innovative method, the ecological network analysis, to study the 
relationship among the “cancer villages” in the Huaihe River Basin and the network utility analysis will 
be used to analyze the intensity and patterns between the “cancer villages” and the surrounding large 
cities. 
The ecological network analysis is used to examine the structure and flow of materials in ecosystems 
[5]. It has been widely used in the natural ecosystem and now is increasingly used in the socioeconomic 
systems. Zhang et al. used the ecological network analysis to analyze the basic network structure of the 
urban metabolic system and the complex ecological relationships within the system, they studied four 
Chinese cities (Beijing, Tianjin, Shanghai, Chongqing) to analyze the system. They used network 
pathways and network utility analysis to perform such research. By using the network pathways analysis, 
they studied the changing relationships between metabolic length and the number of metabolic pathways, 
and between metabolic length and reachability. By using the sign distribution in the network utility matrix, 
they determined the ecological relationships and degree of mutualism between the compartments of the 
system. The result showed that Beijing’s mutualism index was superior to that of Shanghai, and much 
higher than those of Tianjin and Chongqing [6]. Liu et al. constructed an urban metabolism network 
model based on the account of the extended exergy utilization in the society of Beijing to gain insights 
into the metabolic processes that oriented to sustainable urban development. The results showed that a 
great deal of energy and resources have to be consumed to maintain the structure and function of a city, 
and the social system in Beijing is a highly competitive network. Then the paper showed the major 
controlling factors and the factors which have the larger environmental burden [7]. Zhang et al. used the 
method to analyze the urban water use metabolic system of Beijing by dividing the system into six 
compartments (local environment, rainwater collection, industry, agriculture, domestic sector and 
wastewater recycling), which represented producer, consumer and reducer trophic levels and analyzed the 
relationships among them. The results showed the ecological relationships among the compartments in 
the system changed greatly although Beijing’s mutualism indices remained generally stable [8]. Zhang et 
al. analyzed China’s basic metabolic processes and used ecological network analysis to study the network 
relationships within the system. They divided the basic components into internal environment, agriculture, 
exploitation, manufacturing, domestic, recycling and external environment. By using utility and 
throughflow analysis, they found that exploitation, mutualism and competition relationships accounted for 
76.2, 14.3 and 9.5% of the total relationships, respectively [9]. Liu et al. used ecological network 
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perspective to improve reserve design and connectivity of Wuyishan nature reserve. Network cyclicity, 
degree of cyclicity and degree of connectedness which can quantify the integrity and continuity of the 
network and the relation between network organization and ecological process are introduced to measure 
the presence and strength of cyclic pathways in a network and reflect the network’s ability to transfer bio-
flux. The result showed during the past 10 years, different areas of Wuyishan City have gone through 
landscape degradation and restoration [10]. Zhang et al. analyzed the delivery and transformation 
processes and the internal characteristics of the industrial metabolic processes for sulfur in the Lubei eco-
industrial park. Ecological network analysis was used to analyze structural and functional characteristics 
of this network from the perspective of nodes and paths and identify the key node peripheral nodes and 
key paths in the network. The results revealed the advantages and disadvantages of the Lubei eco-
industrial park in terms of its structure and function [11]. 
The ecological network analysis is widely used in the natural system and socioeconomic system, and 
the “cancer villages” is becoming a hot topic these years. The study on the “cancer villages” in Huaihe 
river basin using the ecological network analysis is limited, so this paper aims to analyze the pollutant 
relationship between the “cancer villages” and adjacent large cities by using the network utility analysis 
to reflect the interaction between the “cancer villages” and the river basin.  
2. Methodology and Data 
2.1. Description of the system 
Located in the eastern part of China, the Huaihe River Basin lies between the Yellow River and the 
Yangtze River (111° 55' E to 111° 45' E, 30° 55' N to 36° 20' N). The Huaihe River Basin covers five 
provinces (Hubei, Henan, Anhui, Jiangsu, and Shandong), 35 cities, and 189 counties. The total 
population is about 165 million, with an average population density of 611 people/km2, which is 4.8-fold 
higher than the national average population density, thus ranking first in population density among river 
basins in China. The total change in elevation along the 1,000-km-long river course is about 200 meters. 
The upstream and midstream portions of Huaihe River are characterized by numerous inflows, with 16 
tributaries that cover over 2,000 km2. Near the Huaihe River, the population has been increasing, 
industrial and agricultural production have experienced rapid development, and township enterprises have 
maintained an upward trend since the 1990s.  
2.2. Data 
The data of this paper are mainly from the Huaihe River Basin Water Environment and 
Gastrointestinal Cancer Mortality Portfolio [12]. 
2.3. Ecological network analysis 
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The ecological network analysis is used to identify and quantify the direct and indirect interactions 
within a system. It can be also used to quantify the path structure of a system, the characteristics of the 
ecological flows, and the relationships between the components of the system. The ecological network 
analysis has been widely applied in studies of natural system and socioeconomic system to analyze the 
relationship among the components within a system [6]. 
Relevant analytical methods and indicators of the ENA have been developed as showed in Table 1 
below [13-15]: 
Table 1. Relevant analytical methods and indicators of the ENA 
Analytic methods Indices 
Throughflow analysis TST, APL, FCI, etc. 
Structural analysis Pathways numbers, pathway length. 
Storage analysis Storage mass, retention time. 
Utility analysis Integrated mutualism index, synergism rate. 
Control analysis. Flow dependency, control distribution. 
Trophic (food web) analysis Integrated trophic level, trophic chains. 
Information-theoretical analysis Developmental capacity, ascendancy, overload, redundancy. 
 
Among the analytic methods, the indices of utility analysis include the integrated mutualism index and 
synergism rate, so the network utility analysis is used to analyze the relationship between “cancer 
villages” and surrounding large cities. 
The network utility analysis is an ecological network approach first introduced by Patten to express the 
relative benefit to cost relationship in networks [16]. In this method, a direct utility matrix is constructed 
to analyze the functions of the network [17]. From the network structure we can analyze the mutual 
relationships between elements of the network [18]. In the network utility analysis, dij represents the 
utility of an inter-compartment flow from compartment j to compartment i, and can be expressed as: 
dij=(fij-fji)/zi. 
From matrix D, which contains all dij values, a dimensionless integral utility intensity matrix U=(uij) 
can be computed:  
U = (uij) = D0 + D1 + D2 + D3 + ··  ·+ Dk + ·  ·  ·  = (I − D) −1 
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Here, the matrix U represents the intensity and pattern of integrated actions between any of the 
components in the network. The identify matrix (I) reflects the self-feedback of flows through each 
component. The matrix D reflects the intensity and pattern of direct relationships between any of the 
compartments in the network, k represents the maximum number of steps in the system’s pathways, and 
Dk reflects the indirect interactions between compartments. 
In network utility analysis, the sign of an element in matrix U can be used to determine the pattern of 
interaction between compartments in the network. If we designate the sign of the utility of any element in 
U as su, and (su21,su12)=(+,-) represents that compartment 2 exploits compartment 1, if (su21,su12)=(-,+), 
then compartment 1 controls compartment 2. If (su21,su12)=(-,-), then compartment 1 competes with 
compartment 2, if (su21,su12)=(+,+), the relationship between the two compartments is a mutualism. 
Here, we establish a mutualism index (M) to reflect the proportions of positive and negative signs in 
the sign matrices:  
M=J(U)=S+/S-. 
If the matrices have more positive signs than negative signs, it means that the system exhibits mostly 
positive relationships between compartments and thus represents network mutualism [6]. 
In this paper, we choose four main “cancer villages” in Huaihe river basin (Juye, Lingbi, Fugou, 
Shenqiu) and six “large cities” (Jining, Heze, Zhengzhou, Fuyang, Xuzhou, Suzhou) to analysis the direct 
and indirect pollutant relationships between the “cancer villages” and the “large cities”. 
3. Results 
Integral utility matrices for the flows between the “cancer villages” and the “large cities” were 
calculated using ENA. Based on the signs of the elements in the matrices, we have also presented the 
pollutant sgn (U) matrices as shown in the Table 2 below. 
Table 2. Pollutant sgn (U) matrices 
Sgn(U) 1 2 3 4 5 6 7 8 9 10 
1 + + - - - - + + + - 
2 + + + - + + - - - - 
3 - + + - + - - + + + 
4 - - - + + - - - + + 
5 + - - - + - + - + - 
6 + - + - - + + - + - 
7 - - + - + - + - + - 
8 - + + + + + + + - - 
9 - + - - + - + - + - 
10 - + - - - - + - - + 
Note: Table 2 The pollutant sgn(U) matrices between the “cancer villages” and the “large cities”. In this matrix, 1 represents Juye, 2 
represents Lingbi, 3 represents Fugou, 4 represents Senqiu, 5 represents Jining, 6 represents Heze, 7 represents Zhengzhou, 8 
represents Fuyang, 9 represents Suzhou, 10 represents Xuzhou. 
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The outcomes of signs from the pollutant sgn(U) matrices, in the table above show the following 
results: 
(1) All the elements in the matrix are nonzero, which means that all the nodes in the system directly 
and indirectly interact with each other. 
(2) When the relationships between some nodes changes, the changes of the whole network should be 
considered. For example, (su10,1,su1,10)= (-,-) represents the relationship of competition, which means that 
when considering the indirect relationship between the county of Juye and Xuzhou, the relationship 
between the two cities is competition, both of them are influenced by the pollution from other counties 
and cities, when Juye receives more pollutants, then Xuzhou will get less pollutants. (su83, su38)= (+,+) 
represents the relationship of mutualism, which means that pollution transfer between Fugou and Fuyang 
prompts the pollution levels of both of them. (su71, su17)= (-,+), which means that Juye receive pollutants 
from Zhengzhou, and Zhengzhou reduce its pollution level by transferring pollutants to Juye. (su10,2, 
su2,10)= (+,-), which means that Xuzhou is influenced by the pollution from Lingbi. In conclusion, the 
“cancer villages” with serious pollution can also bring the pollution impacts to the surrounding cities. The 
“cancer villages” can also be the “urging parties”, not only the “acceptor”. 
(3) In the pollution utility matrices sgn(U), there are 47 positive signs and 53 negative signs, and the 
mutualism index M=47/53=0.887, which means that the composition between the “cancer villages” and 
surrounding cities is actually a highly competitive urban metabolic network, in other words, there are 
mutual influence and interaction between regional cities and counties. 
4. Conclusion 
This paper studied the relationship between the “cancer villages” and large cities surrounding them. 
Through the analysis on the relationship between the “cancer villages” and the large cities surrounding 
them, the formation of the “cancer villages” is related to the pollution of cities, and the “cancer villages” 
are affected and affect the large cities around them. The further work may focus on the relationship 
between the “cancer villages” and the nearby river. By drawing a buffer zone with a radius of 3, 5, or 10 
km in rivers on and above the national fifth level in the Huaihe River Basin and using an intersection tool 
to calculate the area of the 14 cancer villages falling within the buffer zone and its percentage of the total 
area of the county to determine if the distribution of “cancer villages” is related to the river. 
The further investigation and prevention on the “cancer villages” could focus on the indirect 
relationships among the cities and counties within the river basin and pay more attention to the pollution 
and population health issues of these counties. 
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